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MULITI-RATE SERIALIZER/DESERIALIZER
CIRCUIT WITH BROAD OPERATING

FREQUENCY RANGE

BACKGROUND OF THE INVENTION

The present invention relates generally to serializer/dese-
rializer circuits and, more particularly, to serializer/deserial-
1zer circults operable over a broad frequency range.

Although processing circuitry often processes data 1n a
parallel manner, the data are often communicated between
points serially. A seralizer circuit 1s often utilized at a trans-
mission end of a communication link to serialize the data, and
a deserializer circuit 1s often utilized at the reception end to
desenalize the data. Bidirectional communication links com-
monly employ devices that perform both serialization and
deserialization, with the device referred to as serializer/dese-
rializer, or more commonly as a serdes.

In some applications, data may be transmitted from one
point to another or from one point to any of a number of other
points, at different data rates. When the data 1s transmitted at
different data rates, the serdes devices utilized 1n such a
communication link operate at corresponding different fre-
quencies.

Serdes devices commonly 1include voltage-controlled
oscillators, phase detectors, filters, or other circuitry of an
analog or quasi-analog nature. These circuits are often tuned
for operation at one frequency or a narrow range of frequen-
cies. Accordingly, operating serdes devices over a broad
range ol frequencies 1s troublesome, particularly when the
maximum frequency is high.

BRIEF SUMMARY OF THE INVENTION

The invention accordingly provides serializer and deserti-
alizer circuits with broad operating frequency ranges.

In one aspect the invention provides an integrated circuit
including high-speed serializer circuitry configured to oper-
ate at a data rate at least a fast as the fastest of a plurality of
different selectable data rates, bit repeater circuitry config-
ured to receive data at any of the plurality of different select-
able data rates and supply data to the high-speed serializer at
the operating rate of the high-speed serializer, high-speed
deserializer circuitry configured to operate at a data rate at
least a fast as the fastest of the plurality of different selectable
data rates, and downsampler circuitry configured to receive
data from the high-speed deserializer circuitry at the operat-
ing data rate of the high-speed deserializer circuitry and sup-
ply data at any of the plurality of different selectable data
rates.

In another aspect the invention provides a serializer,
including high-speed serializer circuitry configured to oper-
ate at a data rate at least a fast as the fastest of a plurality of
different selectable data rates, and bit repeater circuitry con-
figured to recerve data at any of the plurality of different
selectable data rates and supply data to the high-speed seri-
alizer at the operating data rate of the high-speed serializer.

In another aspect the invention provides a deserializer,
including high-speed deserializer circuitry configured to
operate at a data rate at least a fast as the fastest of a plurality
of different selectable data rates, and downsampler circuitry
configured to receive data from the high-speed deserializer
circuitry at the operating data rate of the high-speed deseri-
alizer circuitry and supply data at any of the plurality of
different selectable data rates.

In another aspect the mmvention provides a deserializer,
including first high-speed deserializer circuitry configured to
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sample values on a serial input signal at a data rate at least a
fast as the fastest of a plurality of different selectable data
rates utilizing a first high-speed clock signal and produce first
intermediate data signals, second high-speed deserializer cir-
cuitry configured to sample values on the serial input signal at
a data rate at least a fast as the fastest of the plurality of
different selectable data rates utilizing a second high-speed
clock signal and produce second intermediate data signals,
phase detector circuitry configured to determine a desired
phase of the first and second high-speed clock signals, clock
synthesizer circuitry configured to produce the first and sec-
ond high-speed clock signals, where the first and second
high-speed clock signals are produced based on a signal from
the phase detector, and downsampler circuitry configured to
receive the first intermediate data signals at the operating data
rate of the first high-speed desenalizer circuitry and supply
data at any of the plurality of different selectable data rates.

In another aspect the invention provides a method for seri-
alization of data, including recerving parallel data at any of a
plurality of different selectable data rates, conditionally
repeating the received parallel data to produce repeated data,
and transmitting serially the received parallel data or the
repeated data at a data rate at least a fast as the fastest of the
plurality of diflerent selectable data rates.

In another aspect the invention provides a method for dese-
rialization of data, including demultiplexing at a first data rate
received data, conditionally downsampling the demulti-
plexed received data, and transferring at a second data rate the
demultiplexed received data or the downsampled data, where
the second data rate 1s any of a plurality of different selectable
data rates and the first data rate 1s at least a fast as the fastest
of the plurality of different selectable data rates.

These and other aspects of the invention are more fully
comprehended upon review of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an integrated circuit 1n accor-
dance with aspects of the invention.

FIG. 2 1s a flowchart of a serialization process 1n accor-
dance with aspects of the invention.

FIG. 3 1s a flowchart of a deserialization process 1n accor-
dance with aspects of the invention.

FIG. 4 1s a schematic diagram of a serializer 1n accordance
with aspects of the mvention.

FIG. 5 1s a ttiming diagram 1llustrating operation of a seri-
alizer 1n accordance with aspects of the invention.

FIG. 6 1s another timing diagram 1illustrating operation of a
serializer 1n accordance with aspects of the invention.

FIG. 7 1s a schematic diagram of a deserializer 1n accor-
dance with aspects of the invention.

FIG. 8 1s a timing diagram 1illustrating operation of a dese-
rializer 1n accordance with aspects of the invention.

FIG. 9 15 another timing diagram illustrating operation of a
deserializer 1n accordance with aspects of the invention.

DETAILED DESCRIPTION

FIG. 1 1s a partial block diagram of integrated circuitry
implemented on a common substrate or alternatively pro-
vided 1n a common package. The integrated circuitry, for
example, 1s configured to perform physical layer communi-
cation functions, and may be termed a PHY device. The
integrated circuitry includes transmit path circuitry 50 and
receive path circuitry 60. As illustrated in FIG. 1, the transmit
path circuitry 50 includes transmit processing circuitry
blocks 55, 57 and serialization associated circuitry 52, and the
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receive path circuitry 60 includes deserialization associated
circuitry 62 and receive processing circuitry blocks 65, 67.

Generally the transmit path circuitry receives parallel sig-
nals for transmission, performs transmission associated pro-
cessing using the parallel signals for transmission, and seri-
alizes the processed parallel signals for serial communication
in a communication medium. The transmission associated
processing performed, for example, by the transmit process-
ing circuitry blocks 35, 57, may include encoding processing,
mapping processing, or other processing. Similarly, the
receive path circuitry receives a serial iput signal, deserial-
1zes the serial mput signal to form parallel received signals,
and performs receive associated processing using the parallel
received signals.

For the circuitry of FIG. 1, the data rate for transmitted and
received signals 1s at a selected data rate, and the selected data
rate may be any of a plurality of data rates. For example, in
some embodiments, depending possibly on circumstances,
data may be transmitted at any of 1.25 Gbits/sec, 2.5 Gbats/
sec, or 10 Gbits/sec. In such embodiments, the transmit pro-
cessing circuitry blocks and the recetve processing circuitry
blocks operate at corresponding word rates. However, pret-
erably serially switching circuitry 1n the serialization and
deserialization associated circuitry operate at only a single
data rate, the highest data rate of the plurality of data rates or
some higher rate.

The serialization associated circuitry 52 serializes the pro-
cessed parallel signals. As illustrated 1n FIG. 1, the serializa-
tion associated circuitry 52 includes a bit repeater 53 and a
high-speed serializer 51. Preferably, the high-speed serializer
51 operates at a single data rate or a narrow range of data rates
which may be a different, higher, data rate than the data rate
of the transmit processing circuitry blocks. The bit repeater
53 therelfore adapts the processed parallel signals at the
selected data rate to the parallel signals at the data rate of
high-speed senalizer 51.

In some embodiments, the bit repeater 33 performs this
function by upsampling the processed parallel signals by an
appropriate factor. As shown i FIG. 1, the upsampling or
repetition factor 1s indicated by a rate control signal RATE,
which, for example, may signal a ratio of the data rate of the
high speed serializer to the selected data rate. For example,
when the selected data rate 1s 2.5 GHz, the rate control signal
RATE may have a value of 2 so that the high-speed serializer
51 operates at 5 GHz, and when the selected data rate 1s
1.0625 GHz, the rate control signal RATE may have a value of
4 so that the high-speed serializer 51 operates at 4.25 GHz.

Accordingly, the bit repeater 33 recerves the processed
parallel signals from the transmit processing circuitry blocks
55, 57 at the selected data rate. The bit repeater 53 repeats, or
upsamples, the processed parallel signals and produces
repeated parallel signals at the senializer data rate. For
example, the processed parallel signals may comprise 1n par-
allel D0, D1, D2, D3 and the rate control signal RATE may
indicate that the selected data rate 1s one-half the serial data
rate. In such an example, the bit repeater generates 1n parallel
D0, D0, D1, D1 followed by D2, D2, D3, D3 1 parallel. The
high-speed senalizer 51 serializes the repeated parallel sig-
nals to produce a serial output signal for transmission from
the integrated circuitry. The bitrepeater 53 and the high-speed
serializer 51 operating in combination allow the seralization
associated circuitry 32 to perform serialization at a single data
rate, which may be greater than data rates of data processed by
the transmit processing circuitry blocks.

The desernialization associated circuitry 62 deserializes the
serial input signal. As 1llustrated 1n FI1G. 1, the deserialization
associated circuitry 62 includes a high-speed desernalizer 61
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and a downsampler 63. Preferably, the high-speed desernal-
1zer 61 operates at a single data rate or a narrow range of data
rates which may be a different, higher, data rate than the data
rate of the recetve processing circuitry blocks. The downsam-
pler 63 therefore adapts the preferred data rate of the high-
speed desernializer 61 to the selected data rate of the parallel
received signals by downsampling by an appropnate factor.
The downsampling or repetition factor 1s indicated by the rate
control signal RATE, which may, for example, signal the ratio
of the data rate of the high speed deserializer to the selected
data rate. The high-speed deserializer 61 deserializes the
serial mput signal to produce parallel deserialized signals.
The downsampler 63 downsamples the parallel desenalized
signals to produce the parallel received signals for the receive
processing circuitry blocks 65, 67 at the selected data rate.
The operation of downsampling may also be termed decima-
tion and the downsampler termed a decimator. The downsam-
pler 63 and the high-speed deserializer 61 operating 1n com-
bination allow the deserialization associated circuitry 62 to
perform desenalization at a single data rate, which may be
greater than data rates of data processed by the recerve pro-
cessing circuitry blocks.

The transmit processing circuitry blocks may include a
FIFO 57 to rate butler between the parallel signals for trans-
mission and the serialization associated circuitry 52. The
FIFO 57 receives the parallel signals for transmission and
supplies rate buffered signals. The transmit processing cir-
cuitry blocks may also include an encoder 35 to receive the
butilered signals from the FIFO 57 and supply the processed
parallel signals to the sernialization associated circuitry 52.
The encoder 55 may encode the builered signals using, for
example, an 8B10B code.

The receive processing circuitry blocks may include an
aligner 65 to recerve the parallel recerved signals from the
deserialization associated circuitry 62 and supply aligned
signals. The aligner 63 searches the parallel recerved signals
for alignment boundaries and shiits the parallel received sig-
nals to produce the aligned signals. The recerve processing
circuitry blocks may also include a decoder 67 to decode the
aligned si1gnals, for example, using an 8B10B code, and pro-
duce the parallel output signals.

The parallel signals for transmission 1n the transmit path
circuitry 50 may be provided by way of an input bus I'TX and
may be provided by, for example, a media access controller
(MAC) device, which may be an Ethernet MAC device. The
serial output signal may be provided by way of an output STX
and may be supplied to, for example, a physical medium
dependant (PMD) device, which may be an Ethernet PMD
device. Operation of the receive path circuitry 60 1s essen-
tially complementary to operation of the transmit path cir-
cuitry 50. Accordingly, the serial input signal to the receive
path circuitry 60, may be provided by way of an input SRX
and may be supplied by, for example, a physical medium
dependant (PMD) device, which may be an Ethernet PMD
device. The parallel output signals may be provided by way of
an output bus ORX and may be provided by, for example, a
media access controller (MAC) device, which may be an
Ethernet MAC device.

FIG. 2 1s a flowchart of a process for seralizing data in
accordance with aspects of the invention. In various embodi-
ments, the process may be performed by the circuitry of FIG.
1, custom circuitry, programmable circuits, or a combination
thereof. In many embodiments, the process 1s implemented
by continuously running circuitry with data flowing through
different portions of the circuitry as different times. The pro-
cess may be initiated, for example, by a signal detector, such
as a start-of-frame detector, or by application of power to
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circuitry performing the process. In a block 204, the process
receives parallel data to be transmitted. The parallel data may
come from, for example, a communication network switch.
The process then continues to a block 206.

In the block 206, the process checks whether 1t should
adapt the data rate. Whether the data rate should be adapted
may be based on a control mput to the process. For example,
a control signal may have a value of one when the data rate 1s
not to be adapted and a larger value when the data rate 1s to be
adapted. If the data rate should be adapted, the process con-
tinues to a block 208; otherwise, the process continues to a
block 210.

In the block 208, the process repeats bits to adapt the data
rate. In one embodiment, the process repeats bits from
received parallel data and arranges the repeated bits consecu-
tively. That 1s, the process groups the repetitions of each bit
from the mput data so that no other bits are intermingled. The
number of times that each bit 1s repeated may be based on a
control input to the process, for example, a control signal used
in the block 206 may have a value signaling the number of
repetitions. The process then continues to the block 210.

The processing of block 208 may be performed by the bit
repeater 33 of the embodiment of FIG. 1. The bit repeater 53
receives the processed parallel signals as groups of associated
values, which may be considered to form repeater input
words. The bit repeater 33 recerves a new repeater input word
at regular intervals depending on the selected data rate. Simi-
larly, the bit repeater 53 produces the repeated signals as
groups of associated values which may be considered to form
repeater output words. The bit repeater 53 produces a new
repeater output word at regular intervals depending on the
preferred data rate of the high-speed serializer 51. For each
repeater input word, the bit repeater 53 produces the repeti-
tion factor number of repeater output words.

When the repetition factor, denoted N, 1s 1, the values in
cach repeater mput word are supplied as 1s to each repeater
output word. A repetition factor of 1 corresponds to the case
when the process does not adapt the data rate. When the
repetition factor N 1s an integer greater than 1, the bit repeater
53 produces N copies of each bit of the repeater input words
in consecutive bit positions of repeater output words. The
repeated bits may wrap over multiple repeater output words.
The bitrepeater 53 begins processing a repeater input word by
placing N copies of the first (to be serialized) bit of the
repeater input word 1n the first (to be serialized) N bits of the
first repeater output word supplied to the high-speed serial-
izer 31. Then, N copies of the next bit of the repeater input
word are placed 1n the next N bits of the repeater output word.
Placing N copies of the next bit of the repeater input word 1n
the next N bits of the repeater output word continues until all
bits of the repeater input word have been copied. When a copy
of an input bit has been placed 1n the last bit of the repeater
output word, the bit repeater 53 begins a new repeater output
word and places any copies of the current input bit not previ-
ously placed 1 a bit of the prior repeater output word on the
first bits of the new repeater output word. The bit repeater 53
may repeat bits 1n a consecutive, concurrent, or hybrid man-
ner.

In the block 210, the process transmits bits serially.
Depending on which block precedes the process entering the
block 210, the bits transmitted may correspond to the recerved
parallel data or to repeated versions thereof. The process may
supply the serialized data to, for example, a fiber optic cable.
The process then continues to a block 212.

The processing of block 210 may be performed by the
high-speed serializer 51 of the embodiment of FIG. 1. The
high-speed serializer 51 time-division multiplexes the
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repeated parallel signals from the bit repeater 53 to produce
the serial output signal. The high-speed serializer’s multi-
plexing of values to the serial output signal may overlap in
time with the bit repeater’s repetition of bits for the same
repeater input word. Furthermore, both the bit repeater 51 and
the high-speed serializer 53 may include delays between their
respective mputs and outputs that exceed the delays required
for causality. For example, there may be pipeline registers to
tacilitate operation at high speeds.

The high-speed serializer 51 receives repeater output
words from the bit repeater 33 at a rate of the repetition factor
N times the repeater mput word rate corresponding to a
selected data rate. The bit rate at the high-speed serializer
output 1s a multiplexing factor M times the word rate at the
input of high-speed serializer. Thus, the high-speed serializer
51 operates with an output bit rate that 1s M times N times the
mput word rate of the serialization associated circuitry 52
corresponding to a preferred data rate of the high-speed seri-
alizer. Since the output bits from the high-speed serializer 51
are repeated 1n groups of N bits, the apparent bit rate of the
serial output signal 1s, as desired, M times the input word rate.
Accordingly, by utilizing different repetition rates, the trans-
mit path 50 operates over a wide range of frequencies without
the high-speed serializer 51 operating over a correspondingly
wide range of frequencies.

In the block 212, the process checks whether 1t should exit.
Whether the process should exit may be based, for example,
on a control 1nput to the process or on data values such as an
end-of-frame signal previously serialized. If the process
should exit, the process returns; otherwise, the process con-
tinues back to the block 204.

FIG. 3 1s a flowchart of a deserialization process 1n accor-
dance with aspects of the invention. In various embodiments,
the process may be performed by the circuitry of FIG. 1,
custom circuitry, programmable circuits, or a combination
thereof. In many embodiments, the process 1s implemented
by continuously running circuitry with data flowing through
different portions of the circuitry as different times. The pro-
cess may be initiated, for example, by a signal detector, such
as an optical power sensor, or by application of power to
circuitry performing the process. In a block 304, the process
demultiplexes serial data received on an input. The demulti-
plexing converts the serial data into a corresponding parallel
form. The serial data may come from, for example, a fiber
optic link. The process then continues to a block 306.

The processing of block 304 may be performed by the
high-speed deserializer 51 of the embodiment of FIG. 1. The
high-speed deserializer 51 supplies words to the downsam-
pler 63 at a rate of the repetition factor N times the selected
data rate. The sampled bit rate at the input of the high-speed
deserializer 1s a multiplexing factor M times the word rate at
the output of high-speed deserializer. Thus, the high-speed
deserializer 61 operates with an input bit rate that 1s M times
N times the selected data rate of the output of the deserializa-
tion associated circuitry 62. Since the input bits of the high-
speed deserializer 61 are repeated 1n groups of N bits, the
apparent bit rate of the serial input signal 1s, as desired, M
times the selected output word rate. Accordingly, by utilizing
different downsampling rates, the receive path 60 1s able to
operate over a wide range of frequencies without the high-
speed deserializer 61 operating over a correspondingly wide
range of frequencies.

The high-speed deserializer 61 demultiplexes the serial
input signal at the preferred data rate of the high-speed dese-
rializer 61 to produce the parallel deserialized signals. The
preferred data rate may be the signaling rate of the serial input
signal or an integer multiple of the signaling rate of the serial
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input signal. The rate of demultiplexing by the high-speed
deserializer 61 may be performed over a narrow range of
frequencies, for example, one octave.

In the block 306, the process checks whether 1t should
adapt the data rate. Whether the data rate should be adapted
may be based on a control mput to the process. For example,
a control signal may have a value of one when the data rate 1s
not to be adapted and a larger value when the data rate 1s to be
adapted. If the data rate should be adapted, the process con-
tinues to a block 308; otherwise, the process continues to a
block 310.

In the block 308, the process downsamples the received
data to adapt the data rate. In one embodiment, the process
selects every N-th bit from received parallel data, where N 1s
the down-sampling ratio. The down-sampling ratio may be
based on a control input to the process, for example, a control
signal used 1n the block 306 may have a value signaling the
down-sampling ratio. The process then continues to the block
310.

The processing of block 308 may be performed by the
downsampler 63 of the embodiment of FIG. 1. The downsam-
pler 63 receives the parallel deserialized signals from the
high-speed desernializer 61 as groups of associated values
which may be considered to form downsampler input words.
The downsampler 63 recerves anew downsampler input word
at regular intervals depending on the preferred rate of the
high-speed desernializer 61. Similarly, the downsampler 63
produces the parallel received signals as groups of associated
values which may be considered to form downsampler output
words. The downsampler 63 produces a new downsampler
output word at regular intervals depending on the selected
data rate. The downsampler 63 produces a downsampler out-
put word for every repetition factor number of downsampler
input words.

The downsampler 63 produces the parallel received signals
by selecting every N-th, where N 1s the repetition factor, bit
from the downsampler input words. When N equals 1, the
downsampler 63 supplies the values from the downsampler
input words, bit for bit, to the parallel recerved signals. N
equals 1 corresponds to the case when the process does not
adapt the data rate. When N 1s greater than one, the bits the
downsampler 63 supplies to the parallel received signals are
selected from a logical concatenation of N downsampler
input words. The downsampler 63 may select bits 1n a con-
secutive, concurrent, or hybrid manner.

In the block 310, the process transiers parallel datato a data
sink, for example, a communication network switch. Depend-
ing on which block precedes the process entering the block
310, the transferred data may be correspond to the deserial-
1zed received data or to downsampled versions thereof. The
process then continues to a block 312.

In the block 312, the process checks whether 1t should exat.
Whether the process should exit may be based, for example,
on a control mput to the process or on data values previously
deserialized, such as an end-of-frame signal. If the process
should exit, the process returns; otherwise, the process con-
tinues back to the block 304.

FIG. 4 1s a schematic diagram of an embodiment of a
serializer 1n accordance with aspects of the mvention. The
serializer icludes a high-speed serializer 403 and a bat
repeater 410. Some embodiments include a clock divider 421.
The senializer recerves an mput clock signal CLK and parallel
input signals P on parallel signal lines, which may be in the
form of an mnput bus. The senalizer time-division multiplexes
the mput signals to produce a serial output signal S. The
parallel input signals P generally carry an M-bit digital signal.
In many embodiments the bits are binary. The value of M 1s,
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8

in some embodiments, chosen based on the data coding used.
For example, for communication links using 8B10B coding,
M may equal ten with the serializer performing 10-to-1 mul-
tiplexing.

The data rate for the parallel input signals P 1s at a selected
data rate, and the selected data rate may be any of a plurality
of data rates. However, preferably the high-speed serializer
operates at only a single data rate, the highest data rate of the
plurality of data rates or some higher rate. The serializer
ellfects operation over a broad range of data rates by upsam-
pling, or repeating, input data to adapt the selected data rate of
the parallel input signals to the preferred data rate of the
high-speed serializer and then serializing the repeated data at
a high data rate. The repetition factor may be indicated by a
rate control signal RATE. In some embodiments, the rate
control signal RATE signals power-of-two values, for
example, 1, 2, 4, 8, 16, and 32. The value of the rate control
signal RATE may be based, for example, on a configuration of
an associated communication link or on an input data rate.

The bit repeater 410 recerves the rate control signal RATE
for use 1 configuring how the bit repeater 410 produces
intermediate data signals X. When the rate control signal
RATE has a value N, the bit repeater supplies N repetitions of
cach 1mput value to the intermediate data signals X, where N
1s a positive iteger. For example, 1n a senalizer performing
5-to-1 senalization with rate N equals four, an input with
values (D0 D1 D2 D3 D4) in parallel will be upsampled to
four sets of parallel values (D0 D0 D0 D0 D1), (D1 D1 D1 D2
D2), (D2 D2 D3 D3 D3), and (D3 D4 D4 D4 D4) for senal-
ization by the high-speed serializer 403.

The high-speed serializer 403 receives the mput clock sig-
nal CLK and the intermediate data signals X produced by the
bit repeater 410. The high-speed serializer 403 recerves new
values on the intermediate data signals X on each cycle of the
input clock signal CLK. The high-speed serializer 403 mul-
tiplexes each bit recerved on the intermediate data signals X to
produce the serial output signal S.

The clock divider 421, when present 1n an embodiment,
receives the input clock signal CLK and the rate control signal
RATE and produces an output clock signal CLKLO. The
clock divider 421 produces the output clock signal CLKLO
by dividing the mput clock signal CLK by N, as signaled by
the value of the rate control mgnal RATE.

The bit repeater 410 receives the parallel mnput signals P,
the mput clock signal CLK, the output clock signal CLKLO,
and the rate control signal RATE and produces the interme-
diate data signals X. New input values of the parallel input
signals may be recerved on each cycle of the output clock
signal CLKLO. The bit repeater repeats each bit recerved on
the parallel 1input signals P on N, as indicated by the rate
control signal RATE, bits of the intermediate data signals X.
There are N cycles of the input clock signal CLK during each
cycle of the output clock signal CLKLO. The bit repeater 410
produces N values on the intermediate data signals X for each
value recerved on the parallel input signals P, one on each
Cycle of the input clock signal CLK. The upsampling places N
copies of the first (to be serialized) bit of the parallel input
signals P on the first (to be seralized) N bits of the interme-
diate data signals X. N copies of the next input bit are placed
in the next N bits of the intermediate data signals X. Placing
N copies of the next input bit on the next N bits of the
intermediate data signals X continues until all of the input bits
have been copied. When an 1input bit copy has been placed on
the last bit of the intermediate data signals X, the bit repeater
waits for the next cycle of the input clock signal CLK. At the
next cycle, the bit repeater places any copies of the current
input bit not previously placed on a bit of the intermediate
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data signals on the first bits of the intermediate data signals.
The bit repeater 410 then continues placing N copies of the
next mput bit on the next N intermediate bits until the last
input bit has been copied to the intermediate data signals.

In one embodiment, the bit repeater 410 includes select
logic circuitry 413 and M selectors 411a-411m. The output of
cach of the selectors 1s coupled to a corresponding bit of the
intermediate data signals X. Each selector receives the paral-
lel input signals P and supplies one of the recerved signals to
the selector output. The recerved signal supplied to the output
1s controlled by control signals from the select logic circuitry
413. The select logic circuitry 413 produces a control signal
for each selector. In an embodiment with little-endian serial-
1zation, the selector control signals are produced according to
sel(i)=| (i+Mt")/N |, where N is the rate control value and is a
positive integer, M 1s the width of the input bus, 11s a bit index
with values 0 . . . M-1, and t' 1s a time 1index with values
repeatedly cycling through 0 . . . N-1. Some embodiments
may include flip-flops on the mnput signals, the output signals,
intermediate signals, or a combination thereof to 1mprove
signal timing, particularly for high-speed operation.

The operation of the bit repeater may be further understood
by considering the following examples. In each example, the
parallel input signals are four bits wide and have values (D0
D1 D2 D3), with D0 being the first input bit to be output by the
serializer. For rate N equals one, each mput value 1s copied to
one bit of the intermediate data signals resulting 1n a value of
(D0 D1 D2 D3). For rate N equals two, each input value 1s
copied to two bits of the intermediate data signals resulting 1n
a first value of (D0 D0 D1 D1) and a second value of (D2 D2
D3 D3). Forrate N equals three, each input value 1s copied to
three bits of the intermediate data signals resulting 1n values
of (DOD0 D0 D1), (D1 D1D2D2), and (D2 D3 D3 D3). Note
that after the first intermediate data value 1s formed, only one
of three copies of input D1 has been placed on the imterme-
diate data signals. Accordingly, the second intermediate data
value begins with two copies of input D1. For rate N equals
tour, each input value 1s copied to four bits of the intermediate
data signals resulting 1n values o1 (D0 D0 D0 DO0), (D1 D1 D1
D1), (D2 D2 D2 D2), and (D3 D3 D3 D3). In this case, each
of the intermediate data values has the corresponding input
value copied 1n all positions. For rate N equals five, each input
value 1s copied to five bits of the intermediate data signals
resulting 1n values of (D0 D0 D0 D0), (D0 D1 D1 D1), (D1 D1
D2 D2), (D2 D2 D2 D3), and (D3 D3 D3 D3). Note that the
number of times an mput 1s copied exceeds the width of the
intermediate data signals and the copies of each mput extend
over two values on the intermediate data signals.

Operation of the serializer may be further understood with
reference to FIG. 5, an exemplary timing diagram for an
upsampling rate, N, equal one. FIG. 5 shows timing of signals
for a serialization ratio, M, equal five. FIG. 5 includes 1llus-
trative timing waveforms for a high-speed clock signal
CLKHI used in the high-speed sernalizer 403, the serial output
signal S, the mput clock signal CLK, the intermediate data
signals X0-X4, and the parallel input signals P0-P4. The
timing relationships shown in FI1G. § are simplified for ease of
illustration. The shown delays between signals are zero or at
least small 1n comparison to the clock periods, whereas the
delays 1n a high-speed implementation may be more substan-
t1al and additional pipeline stages may be included. Addition-
ally, the timing shown in FIG. 3 1s for an embodiment that has
signal transitions on the rising edges of the clock signals.
Other embodiments may have signal transitions on falling
edges or a combination of rising and falling edges.

A first time 501 1s the beginning of a parallel input period
during which values on the parallel input signals P are mul-
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tiplexed on the serial output signal S. A second time 503 1s the
end of the parallel input period that began at the first time 501.
At the first time 501, rising edges occur on the high-speed
clock signal CLKHI, the input clock signal CLK, and the
output clock signal CLKLO. One period of the output clock
signal CLKLO spans from the first time 301 to the second
time 503. Since N equals one, one period of the mput clock
signal CLK has substantially the same duration as one period
of the output clock signal CLKLO. Accordingly, the output
clock signal CLKLO has substantially the same waveform as
the input clock signal CLK. Since M equals five, one period of
the high-speed clock signal CLKHI has duration substantially
one fifth the duration of one period of the input clock signal
CLK.

From the first time 501 to the second time 503, that 1s,
during one period of the output clock signal CLKLO, data
values D0-D4 are present on the parallel input signals P. Since
N equals one, beginning at the first time 501, the bit repeater
410 supplies the value D0 from the first bit of the parallel
input signals P0 to the first bit of the intermediate data signals
X0, the value D1 from the second bit of the parallel input
signals P1 to the second bit of the intermediate data signals
X1, the value D2 from the third bit of the parallel input signals
P2 to the third bit of the intermediate data signals X2, the
value D3 from the fourth bit of the parallel input signals P3 to
the fourth bit of the intermediate data signals X3, and the
value D4 from the fifth bit of the parallel input signals P4 to
the fifth bit of the intermediate data signals X4. In effect, the
bit repeater, for N equal one, duplicates the values on the
parallel input signals P bit-for-bit on the imtermediate data
signals X.

The high-speed serializer 403 multiplexes a bit value from
the mntermediate data signals X to the serial output signal S
during each period of the high-speed clock signal CLKHI.
Thus, during the five periods of the high-speed clock signal
CLKHI 1n the period of the output clock signal CLKLO from
the first time 501 to the second time 503, the serial output
signal S has values D0, D1, D2, D3, D4 in sequence and the
values from the parallel input signals P have been multiplexed
serially on the serial output signal S.

Operation of the senalizer may be further understood with
reference to FIG. 6, an exemplary timing diagram for an
upsampling rate, N, equal two. FIG. 6 shows timing of signals
for a serialization ratio, M, equal five. FIG. 6 includes 1llus-
trative timing waveforms for a high-speed clock signal
CLKHI used n the high-speed serializer 403, the serial output
signal S, the mput clock signal CLK, the intermediate data
signals X0-X4, and the parallel mput signals P0-P4. The
timing relationships shown in FI1G. 6 are simplified for ease of
illustration. The shown delays between signals are zero or at
least small 1n comparison to the clock periods, whereas the
delays 1n a high-speed implementation may be more substan-
tial and additional pipeline stages may be included. Addition-
ally, the timing shown 1n FIG. 6 1s for an embodiment that has
signal transitions on the rising edges of the clock signals.
Other embodiments may have signal transitions on falling
edges or a combination of rising and falling edges.

A first time 601 1s the beginning of a parallel input period
during which values on the parallel input signals P are shifted
serially on the serial output signal S. A second time 603 1s the
end of the parallel input period that began at the first time 601.
At the first time 601, rising edges occur on the high-speed
clock signal CLKHI, the input clock signal CLK, and the
output clock signal CLKLO. One period of the output clock
signal CLKLO spans from the first time 601 to the second
time 605. Since N equals two, one period of the mnput clock
signal CLK has a duration that 1s substantially one half the
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duration of one period of the output clock signal CLKLO.
Since M equals five, one period of the high-speed clock signal
CLKHI has substantially one fifth the duration of one period
of the 1nput clock signal CLK. Accordingly, at a third time
603, which 1s at the midpoint of the parallel mnput period
beginning at the first time 601, rising edges occur on the
high-speed clock signal CLKHI and the mput clock signal
CLK and a falling edge occurs on the output clock signal
CLKLO.

From the first time 601 to the second time 605, that is,
during one period of the output clock signal CLKLO, data
values D0-D4 are present on the parallel input signals P. Since
N equals two, beginming at the first time 601, the bit repeater
410 supplies the value DO from the first bit of the parallel
input signals PO to the first two bits of the intermediate data
signals X0, X1, the value D1 from the second bit of the
parallel input signals P1 to the next two bits of the interme-
diate data signals X2, X3, and the value D2 from the third bat
of the parallel input signals P2 to the final bit of the interme-
diate data signals X4. Note that only one of two repetitions of
the value D2 presently fits 1n the intermediate data signals,
thus the second repetition will be placed 1n the intermediate
data signals during a subsequent period of mnput clock signal
CLK. The high-speed sernalizer 403 multiplexes a bit value
from the intermediate data signals X to the output S during
cach period of the high-speed clock signal CLKHI. Thus,
during the first five periods of the high-speed clock signal
CLKHI after time 601, the output S has values D0, D0, D1,
D1, D2, 1n sequence.

Beginning at the third time 603, that 1s, at the midpoint of
the parallel input period and the beginning of a period of the
input clock signal CLK, the bitrepeater 410 supplies the value
D2 from the third bit of the parallel input signals P2 to the first
bit of the intermediate data signals X0, the value D3 from the
tourth bit of the parallel input signals P3 to the next two bits
of the intermediate data signals X1, X2, and the value D4
from the fifth bit of the parallel input signals P4 to the final
two bits of the intermediate data signals X3, X4. The high-
speed serializer 403 multiplexes a bit value from the interme-
diate data signals X to the serial output signal S during each
period of the high-speed clock signal CLKHI. Thus, during,
the first five periods of the high-speed clock signal after time
603, the serial output signal S has values D2, D3, D3, D4, D4,
In sequence.

During the parallel input period shown in FIG. 6 from the
first time 601 to the second time 603, the high-speed serializer
403 multiplexed ten values to the serial output signal S. The
ten values are made up of five values repeated for two con-
secutive periods of the high-speed clock signal CLKHI.
When viewed at the boundary of the serializer, the upsam-
pling and high-speed serialization produce a signal on the
serial output signal S that matches the signal that would be
produced by a sernializer operating directly based on the par-
allel input rate.

FIG. 7 1s a schematic diagram of an embodiment of a
deserializer 1n accordance with aspects of the invention. The
deserializer includes a clock synthesizer 733, a pair of high-
speed desenalizers 705, 707, a phase detector 731, and a
downsampler 711. Some embodiments include a clock
divider 721. The deserializer receives a stream of serial data
on a serial input signal S and produces a parallelized version
of the recerved data on parallel output signals P. The parallel
output signals P generally carry an M-bit digital signal.

The data rate for the parallel output signals P 1s at a selected
data rate, and the selected data rate may be any of a plurality
of data rates. However, preferably the high-speed deserializ-
ers operate at only a single data rate, the highest data rate of
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the plurality of data rates. The deserializer efiects operation
over a broad range of data rates by deserializing the serial
iput signal S at the preferred data rate of the high-speed
deserializers and downsampling the deserialized data to adapt
to the selected data rate of the parallel output signals P. The
downsampling factor may be indicated by a rate control sig-
nal RATE. In some embodiments, the rate control signal
RATE signals power-of-two values, for example, 1, 2, 4, 8,
16, and 32. The value of the rate control signal RATE may be
based, for example, on a configuration of an associated com-
munication link or on an input data rate.

The clock synthesizer 735 generates two high-speed clock
signals CLKHI, CLKHI' that are nominally 180 degrees out
of phase. The first high-speed desenalizer 703 receives the
first high-speed clock signal CLKHI and uses 1t to desenalize

data received on the serial input signal S. On each rising edge
of the first high-speed clock signal CLKHI, the first high-

speed deserializer 705 samples the value on the senial 1input

signal S. M consecutive samples are assembled to produce
first intermediate data signals X. The first high-speed deseri-
alizer 705 also produces a clock signal CLK that 1s synchro-
nized to the first intermediate data signals X. The second
high-speed deserializer 707 receives the second high-speed
clock signal CLKHI' and uses 1t to deserialize data recerved
on the serial input signal S. On each rising edge of the second
high-speed clock signal CLKHI', the second high-speed dese-
rializer 707 samples the value on the serial input signal S. M
consecutive samples are assembled to produce second inter-
mediate data signals X'. The two high-speed clock signals
CLKHI, CLKHI' are generally adjusted as described below to
be synchronous with the serial input signal S.

The clock divider 721, when present 1n an embodiment,
receives the clock signal CLK from the first high-speed dese-
rializer 705 and the rate control signal RATE and produces an
output clock signal CLKLO. Values of the rate control signal
RATE may be positive integers. In some embodiments, the
rate control signal RATE signals power-of-two values, for
example, 1,2,4,8,16,and32. The clock divider 721 produces
the output clock signal CLKLO by dividing the input clock
signal CLK by N, as specified by the value of the rate control
signal RATE.

The downsampler 711 receives the first intermediate data
signals X, the clock signal CLK, and the rate control signal
RATE and produces the parallel output signals P and timing
signals Q. The downsampler downsamples values received on
the first intermediate data signals X by a factor of N as
specified by the rate control signal RATE. One set of values
on the parallel output signals P 1s produced for N sets of
values on the first intermediate data signals X. The first bit of
the first values on the first intermediate data signals 1s placed
on the first bit of the parallel output signals P. The N-th next bat
(skipping N-1 bits) of the values on the first intermediate data
signals 1s placed on the next bit position of the parallel output
signals P. This mapping continues until a bit has been placed
on all bit positions of the parallel output signals P. When an
insuificient number of bits are left 1n the values on the first
intermediate data signals to reach an N-th next bit, the remain-
ing bits are taken from a next set of values on the first inter-
mediate data signals. For example, 11 the sixth next bit was
needed and only two bits remained on the first intermediate
data signals, the downsampler would then select the fourth bat
value from the next set of values on the first intermediate data
signals. This mapping may be viewed as concatenating N sets
of values from the first intermediate data signals X and plac-
ing every N-th bit of the concatenated values on the parallel
output signals P.
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The downsampler 711 also selects values from the first
intermediate data signals X for use by the phase detector. The
selected values produce the timing signals Q. The values
mapped from the first intermediate data signals X to the
timing signals Q are half way between the values mapped to
the parallel output signals P. For example, for rate N equals
four, when bit zero and bit four from the first intermediate
data signals X are mapped to the parallel output signals P, bit
two from the first intermediate data signals X 1s mapped to the
timing signals Q. For rate N equals one, no values on the first
intermediate data signals X are half way between the values
mapped to the parallel output signals P. In this case, the values
on the timing signals Q are not used and the downsampler 711
may place arbitrary values on the timing signals, for example,
copies ol the values on the parallel output signals P or zeros.

The phase detector 731 receives values from the parallel
output signals P and the timing signals QQ and supplies a signal
to the clock synthesizer 735 that may be used to adjust the
frequency of the high-speed clock signals CLKHI, CLKHI'.
The phase detector, clock synthesizer, high-speed deseral-
izer, and downsampler operate in a closed-loop manner to
sample the recerved signal at desired times. The phase detec-
tor 731 may be an Alexander-type phase detector. However,
the phase detector 731 generally performs parallel phase
detections for each of the parallel input signals P. In some
embodiments, the phase detector 731 uses a majority vote of
individual phase detections to produce the signal supplied to
the clock synthesizer 735. For rate N equals one operation, the
phase detector uses values from the second high-speed seri-
alizer 707 rather than the values from the timing signals Q.
The values of the second intermediate data signals X' are
samples of the signals on the serial input signal S that are half
way 1n time between values of the parallel output signals P
due to the 180 degree phase difference between the two high-
speed clock signals CLKHI, CLKHI'". The values to be used
by the phase detector are selected by a selector 732. In some
embodiments, the phase detector 731 may use the rate control
signal RATE 1n adjusting the gain of the phase detector 1n
accord with an expected data transition density.

In one embodiment, the downsampler 711 includes select
logic circuitry 712, M data selectors 713a-m, M data flip-
flops 714a-m, an M-bit data register 715, M timing selectors
717a-m, M timing flip-flops 718a-m, and an M-bit timing
register 719.

Each of the data selectors 713a-m has an output that 1s
coupled to an 1nput of a corresponding data tlip-tlop 714a-m.
Each selector receives bits from the first intermediate data
signals X and routes one of the received bits to the selector’s
output. The bit selected 1s controlled by control signals from
the select logic circuitry 712. Each data flip-flop 714a-m has
an output coupled to a corresponding input of the data register
715. When a data thip-tflop will be enabled to store 1ts input 1s
controlled by enable signals from the select logic circuitry
712. The data register 7135 stores the values on 1ts inputs and
passes them to its outputs based on the output clock signal
CLKLO. The outputs of the data register 715 are coupled to
the output signals P. In an embodiment with little-endian
serialization, the data selector control signals are produced
according to sel(1)=IN1 MOD M and the data enable signals are
produced according to en(i)=t'=|Ni/M |, where N is the rate
control value having values 1, 2, 4, 6, etc., M 1s the width of
the parallel signals, 11s a bit index with values 0. .. M-1, and
t' 1s a time index with values cycling repeatedly through
0...N-1.

Each of the timing selectors 717a-m has an output that 1s
coupled to an mput of a corresponding timing flip-tlop 718a-
m. Bach selector recerves bits from the first intermediate data
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signals X and routes one of the received bits to the selector’s
output. The bit selected 1s controlled by control signals from
the select logic circuitry 712. Each timing flip-tlop 718a-m
has an output coupled to corresponding mnput of the timing
register 719. When a timing tlip-tflop will be enabled to store
its 1nput 1s controlled by enable signals from the select logic
circuitry 712. The timing register 719 stores the values on 1ts
inputs and passes them to 1ts outputs based on the output clock
signal CLKLO. The outputs of the timing register 719 are
coupled to the timing signals Q. In an embodiment with
little-endian serialization, the timing selector control signals
are produced according to sel(1)=N (1+%2) MOD M and the
timing enable signals are produced according to en(i)=t'=|N
(i+Y2)/M|, where N is the rate control value having values 1,
2,4, 6, etc., M 1s the width of the parallel signals, 1 1s a bit
index with values 0. .. M-1, and t' 1s a time 1ndex with values
cycling repeatedly through 0 . . . N-1.

Operation of the deserializer according to aspects of the
invention may be further understood with reference to FI1G. 8,
an exemplary timing diagram for a downsampling rate, N,
equal one. FIG. 8 shows timing of signals for a serialization
ratio, M, equal five. FIG. 8 includes illustrative timing wave-
forms for the two high-speed clock signals CLKHI, CLKHTI',
the serial input signal S, the clock signal CLK, the output
clock signal CLKLO, the first intermediate data signals
X0-X4, the second intermediate data signals X'0-X'4, and the
parallel output signals P0-P4. The timing relationships shown
in FIG. 8 are simplified for ease of illustration. The shown
delays between signals are zero or at least small 1n compari-
son to the clock periods, whereas the delays 1n a high-speed
implementation may be more substantial and additional pipe-
line stages may be included. Additionally, the timing shown
in FIG. 8 1s for an embodiment that has signal transitions on
the rising edges of the clock signals. Other embodiments may
have signal transitions on falling edges or a combination of
rising and falling edges.

A first time 801 1s the beginning of an mput period con-
taining one set of associated values received by the deserial-
izer on the serial mput signal S. A second time 803 1s the end
of the input period that began at the first time 801. At the first
time 801, rising edges occur on the first high-speed clock
signal CLKHI, the clock signal CLK, and the output clock
signal CLKLO and a falling edge occurs on the second high-
speed clock signal CLKHI'. One period of the output clock
signal CLKLO spans from the first time 801 to the second
time 803. Since N equals one, one period of the clock signal
CLK has duration substantially the same as one period of the
output clock signal CLKLO. Accordingly, the output clock
signal CLKLO has substantially the same waveform as the
clock signal CLK. Since M equals five, five periods of the
high-speed clock signals CLKHI, CLKHI' have a combined
duration that 1s substantially the same as one period of the
clock signal CLK. Another input period begins at the second
time 803 and extends to a third time 805. Another input period
begins at the third time 805 and extends to a fourth time 807.

On the nising edge of the first high speed clock signal
CLKHI occurring at the first time 803, the first high speed
deserializer 705 samples a value on the serial input signal S.
The first high speed deserializer 705 continues to sample
values on the serial mnput signal S on each subsequent rising
edge of the first high speed clock signal CLKHI. After M
samples have been taken, they are placed on the first interme-
diate data signals X at the second time 803.

On the first rising edge of the second high speed clock
signal CLKHI' occurring after the first time 803, the second
high speed deserializer 707 samples a value on the serial input
signal S. The second high speed deserializer 707 continues to
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sample values on the serial input signal S on each subsequent
rising edge of the second high speed clock signal CLKHI'.
After M samples have been taken, they are placed on the
second intermediate data signals X' at the second time 803. In
the timing illustrated 1n FIG. 8 the high-speed clock signals
CLKHI, CLKHI' are early relative to the data of the serial
input signal S, that 1s, rising edges of the first high-speed
clock signal CLKHI occur before the middle of the times
during which data are valid on the serial mput signal S.
Accordingly, the values output from the first and second
high-speed deserializers match.

During the mput period extending from the second time
803 to the third time 805, the downsampler 711 downsamples
the values on the first intermediate data signals X by a factor
N. In the timing example illustrated 1n FIG. 8, N equals one
and the downsampler places values on the first intermediate
data signals X bit-for-bit on the parallel output signals P
beginning at the third time 805 and extending until the fourth
time 807. During this same time, the data values sampled by
the two high-speed desenalizers 705, 707 are supplied to the
phase detector 731 for use 1n adjusting sample timing.

Operation of the deserializer according to aspects of the
invention may be further understood with reference to F1G. 9,
an exemplary timing diagram for a downsampling rate, N,
equal two. FIG. 9 shows timing of signals for a serialization
ratio, M, equal five. FIG. 9 includes illustrative timing wave-
torms for the first high-speed clock signal CLKHI, the serial
input signal S, the input clock signal CLK, the output clock
signal CLKLQO, the first intermediate data signals X0-X4, the
timing signals Q0-Q4, and the parallel output signals P0-P4.
The timing relationships shown 1n FIG. 9 are simplified for
case of 1llustration. The shown delays between signals are
zero or at least small 1n comparison to the clock periods,
whereas the delays 1n a high-speed implementation may be
more substantial and additional pipeline stages may be
included. Additionally, the timing shown in FIG. 9 1s for an
embodiment that has signal transitions primarily on the rising
edges of the clock signals. Other embodiments may have
signal transitions on falling edges or a combination of rising
and falling edges.

A first time 901 1s the beginning of an mput period con-
taining one set of associated values recerved by the desenal-
izer on the serial input signal S. A second time 905 1s the end
of the mput period that began at the first time 901. At the first
time 901, rising edges occur on the first high-speed clock
signal CLKHI and the clock signal CLK and a falling edge
occurs on the output clock signal CLKLO. One period of the
output clock signal CLKLO spans from the first time 901 to
the second time 905. Since N equals two, two periods of the
clock signal CLK have a combined duration that 1s substan-
tially the same as the duration of one period of the output
clock signal CLKLO. Accordingly, at a third time 903 mid-
way between the first time 901 and the second time 905 a
rising edge occurs on the clock signal CLK and a falling edge
on the output clock signal CLKLO. Since M equals five, five
periods of the first high-speed clock signal CLKHI have a
combined duration that 1s substantially the same as the dura-
tion of one period of the clock signal CLK. A period of the
output clock signal CLKLO begins at the third time 903 and
ends at a fourth time 907. Another period of the output clock
signal CLKLO begins at the fourth time 907 and ends at a fifth
time 911.

On the rising edge of the first high speed clock signal
CLKHI occurring at the first time 901, the first high speed
desenalizer 905 samples the value on the serial input signal S.
The first high speed deserializer 905 continues to sample the
values on the serial input signal S on each subsequent rising,
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edge of the first high speed clock signal CLKHI. After M
samples have been taken, they are placed on the first interme-
diate data signals X at the third time 903.

On the nising edge of the first high speed clock signal
CLKHI occurring at the third time 903, the first high speed
deserializer 905 samples another value on the serial mput
signal S. The first high speed desernalizer 905 continues sam-
pling values on the serial input signal S on each subsequent
rising edge of the first high speed clock signal CLKHI. After
M samples have been taken, they are placed on the first
intermediate data signals X at the second time 905.

During the period of the output clock signal CLKLO from
the third time 903 to the fourth time 907, the downsampler
711 selects values from the first intermediate data signals X to
place on the parallel output signals P and on the timing signals
Q. Since N equals two, two sets of values are on the first
intermediate data signals X during each period of the output
clock signal CLKLO. Following from the above description
of downsampling, from the first set of values on the interme-
diate data signals X, the values from the first (X0), third (X2),
and fifth (X4) bats are placed by the deserializer 711 on the
first three bits of the output signals P0, P1, P2, and from the
second set of values of the intermediate data signals X, the
values from the second (X1) and fourth (X3) bits are placed
on the final two bits of the output signals P3, P4. Similarly,
from the first set of values on the intermediate data signals X,
the values from the second (X1) and fourth (X3) bits are
placed on the first two bits of the timing signals (Q0, Q1 and
from the second set of values on the intermediate data signals
X, the values from the first (X0), third (X2), and fifth (X4) bits
are placed on the final three bits of the timing signals (02, 3,
Q4. The desernializer holds values on the output signals P and
the timing signals QQ for one period of the output clock signal
CLKLO.

Although the invention has been discussed with respect to
various embodiments, i1t should be understood the invention
comprises the novel and unobvious claims, and their mnsub-
stantial variations, supported by this disclosure.

The mvention claimed 1s:

1. An mtegrated circuit comprising:

high-speed serializer circuitry configured to operate at a

data rate at least as fast as the fastest of a plurality of
different selectable data rates;
bit repeater circuitry configured to receive repeater mput
words, produce N copies of each bit of the repeater input
words 1n consecutive bit positions of repeater output
words, where the consecutive bit positions wrap over
multiple repeater output words, and supply the repeater
output words to the high-speed serializer circuitry at the
operating data rate of the high-speed serializer circuitry,
wherein N 1s an integer greater than 1;

high-speed deserializer circuitry configured to operate at
the data rate at least as fast as the fastest of the plurality
of different selectable data rates; and

downsampler circuitry configured to recetve downsampler

input words from the high-speed deserializer circuitry at
the operating data rate of the high-speed deserializer
circuitry, produce parallel recerved signals, where the
parallel received signals are selected from a logical con-
catenation of N downsampler input words, and supply
the parallel received signals at a selected one of the
plurality of different selectable data rates.

2. The integrated circuit of claim 1, wherein N 1s propor-
tional to the ratio of the operating data rate of the high-speed
serializer circuitry and the selected one of the plurality of
different selectable data rates.
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3. The integrated circuit of claim 1, wherein the parallel
received signals are selected from every N-th bit of the logical
concatenation of the N downsampler input words, where N 1s
the ratio of the operating data rate of the high-speed deserti-
alizer circuitry and the selected one of the plurality of differ-
ent selectable data rates.

4. The integrated circuit of claim 1, further comprising
receive processing circuitry configured to recerve the parallel
received signals from the downsampler circuitry and supply
processed signals at the selected one of the plurality of dif-
terent selectable data rates.

5. The mtegrated circuit of claim 1, further comprising
transmit processing circuitry configured to recerve mput data
and supply the repeater mnput words to the bit repeater cir-
cuitry at the selected one of the plurality of different select-
able data rates.

6. The mtegrated circuit of claim 1, wherein the repeater
input words recetved by the bit repeater circuitry comprises
parallel data signals.

7. The mtegrated circuit of claim 1, wherein the repeater
output words supplied by the bit repeater circuitry to the
high-speed serializer circuitry comprises parallel data sig-
nals.

8. The integrated circuit of claim 7, wherein the high-speed
serializer circuitry is further configured to produce a serial
output signal utilizing the repeater output words supplied by
the bit repeater circuitry.
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9. The mtegrated circuit of claim 1, wherein the downsam-
pler input words supplied by the high-speed deserializer cir-
cuitry to the downsampler circuitry comprises parallel data
signals.

10. The integrated circuit of claim 9, wherein the high-
speed deserializer circuitry 1s further configured to produce
the downsampler mput words supplied to the downsampler
circuitry utilizing a recetved serial input signal.

11. The mtegrated circuit of claim 1, wherein the parallel

received signals supplied by the downsampler circuitry com-
prises parallel data signals.

12. Theintegrated circuit of claim 1, wherein the number of
copies, N, of each bit of the repeater input words 1s indicated
by a rate control signal.

13. The mtegrated circuit of claim 1, further comprises a
FIFO to rate butler the repeater input words.

14. The integrated circuit of claim 13, further comprises an
encoder to receive the rate buifered repeater input words and
encode the rate bulfered repeater input words using S8B10B
code.

15. The mntegrated circuit of claim 1, further comprises an
aligner to receive the parallel received signals and supply
aligned signals.

16. The integrated circuit of claim 135, further comprises a
decoder to decode the aligned signals using 8B10B code.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

